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ABSTRACT 


Solnhofia parsonsi is a new genus and species 
of turtle based on skull material from the Late 
Jurassic of Germany and Switzerland. One of the 
specimens has been described (but not named) 
elsewhere (Parsons and Williams, 1961); new 
information on the palate and basicranium is pre- 
sented herein. Solnhofia possesses the shared 


derived characters diagnostic of the Cryptodira 
and within the Cryptodira of a group I have 
termed the Eucryptodira. More specific hypoth- 
eses of relationship are difficult to make for 
Solnhofia because most of the characters that are 
useful in comparing turtles are either primitive or 
uniquely derived in Solnhofia. 


INTRODUCTION 


Parsons and Williams (1961, p. 89) described 
two Jurassic turtle skulls (called by them the 
Solnhofen skull and the Portland skull) because 
“interest in this case attaches to the antiquity of 
the fossil itself’ and “it could be hoped that it 
would reveal a stage or step in the evolutionary 
line which stretches from the most ancient turtle 
to those of the Recent.” And they wrote, “we 
are therefore disappointed to discover that two 
skulls of Upper Jurassic age tell us astonishingly 
little about the evolution of turtles, next to noth- 
ing about features primitive for turtles, and noth- 
ing at all that in any way points to the group 
from which turtles have been derived.” My own 
interest in turtle phylogeny has involved an 
examination of Jurassic turtles, and I think that a 


meaningful hypothesis of relationships can be 
developed for the “Solnhofen” skull (the Port- 
land skull is dealt with in Gaffney, 1975). Further- 
more, I have located what appears to be another 
specimen of this species and this new skull sup- 
plies information not available in the original 
specimen. I also include a comparison of the sec- 
ondary palate in this species and other turtles 
and a more detailed description of the canals and 
foramina in the basicranium. 

I have elsewhere (Gaffney, In press) proposed 
a phylogeny reconstruction and classification of 
turtles. The discussion of relationships presented 
for Solnhofia presupposes some familiarity with 
that work but some of that material is summa- 
rized here for clarity. Nonetheless, the important 


‘Assistant Curator, Department of Vertebrate Paleontology, the American Museum of Natural History; Adjunct 
Assistant Professor, Department of Geology, Columbia University. 


Copyright © The American Museum of Natural History 1975 


ISSN 0003-0082 / Price $1.60 


2 AMERICAN MUSEUM NOVITATES 


arguments concerning the relationships of che- 
lonian higher categories are given elsewhere and 
are not repeated here. 

The turtle skull nomenclature I use is ex- 
plained and illustrated in a glossary (Gaffney, 
1972b). 
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Institutional Abbreviations 


AMNH, Department of Herpetology, the Ameri- 
can Museum of Natural History 

SM, Mineralogy-Geology Collection of the Solo- 
thurn Museum, Solothurm, Switzerland 

TM, Teyler Museum, Haarlem, Netherlands 


Anatomical Abbreviations Used in Figures 


ang, angular 

art, articular 

bo, basioccipital 
bs, basisphenoid 
cor, coronoid 
den, dentary 
epi, epipterygoid 
ex, exoccipital 
fr, frontal 

ju, jugal 

mx, maxilla 

na, nasal 

op, opisthotic 
pa, parietal 


pal, palatine 

pf, prefrontal 
pm, premaxilla 
po, postorbital 
pr, prootic 

pra, prearticular 
pt, pterygoid 

qj, quadratojugal 
qu, quadrate 

so, supraoccipital 
sq, squamosal 
sur, surangular 
vo, vomer 
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SYSTEMATICS 


DIVISION TETRAPODA 
COHORT AMNIOTA 
SUPERORDER SAUROPSIDA 
ORDER TESTUDINES LINNAEUS, 1758! 
SUBORDER CASICHELYDIA GAFFNEY, 1975 
INFRAORDER CRYPTODIRA (COPE, 1871) 
PARVORDER EUCRYPTODIRA GAFFNEY, 1975 
SUPERFAMILY AND FAMILY INCERTAE SEDIS 
SOLNHOFIA, NEW GENUS? 


Type Species. S. parsonsi.> 

Known Distribution. Late Jurassic of (?) Ger- 
many and Switzerland. 

Diagnosis. Cryptodire with complete secon- 
dary palate, elongate snout, and limited temporal 
emargination; nasals, prefrontals, frontals, and 
parietals meet in midline of skull roof; secondary 
palate comparable in extent with living chelo- 
niids but not so extensive as in osteopygine toxo- 
chelyids; palate composed primarily of maxilla, 
vomer nearly hidden, palatines reduced com- 
pared with cheloniids; processus pterygoideus 
externus reduced as in living cheloniids, ptery- 
goid lacking “waist,” foramen palatinum poste- 
rius reduced to one or two small foramina; tri- 
turating surfaces smooth, broadly concave ven- 
trally, lingual ridge absent; premaxillae extend 
anteriorly beyond edge of apertura narium ex- 
terna; jugal widely exposed in orbital floor; fora- 
men supramaxillare in jugal-palatine suture; pro- 
cessus trochlearis oticum more extensive than in 
most cryptodires, obscures foramen nervi tri- 
gemini in lateral view; basioccipital enters fora- 
men magnum; exoccipital does not contact pter- 
ygoid; tuberculum basioccipitale better devel- 
oped than in Chelydra, but not so extensive as in 
living cheloniids; foramen stapedio-temporale 
about twice the diameter of foramen posterior 


1See Hunt, 1958, for discussion of the ordinal name 
for turtles. 

?The type specimen has been referred to by Parsons 
and Williams, 1961, as “‘the Solnhnofen skull.” 

3For Dr. Thomas S. Parsons, University of Toronto, 
in recognition of his work in chelonian cranial anatomy. 
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FIG. 1. Solnhofia parsonsi, new genus and new 
species. Dorsal view of restored skull based on 
TM 4023 and SM 137. 


canalis carotici interni, agreeing with testudinoids 
but differing from trionychoids; foramen ante- 
rior canalis carotici interni joined into common 
opening before entering cavum cranii in posterior 
part of sella turcica; canalis caroticus lateralis 
with posterior opening on ventral surface of the 
skull not found in other turtles; rostrum basi- 
sphenoidale short compared with Chelydra and 
cheloniids but similar to trionychoids; symphysis 
of lower jaw about one-half length of lower jaw; 
elongate median trough on dorsal surface of 
lower jaw symphysis; lower jaw labial ridge sharp 
but low, lingual ridge absent; sulcus cartilaginis 
meckelii relatively short compared with Che- 
lydra, splenial well developed. 


Solnhofia parsonsi, new species 


Type Specimen. TM 4023, a partially damaged 
skull with lower jaw. 
Locality. Not known, probably Bavaria. 
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Horizon. Not known, probably Late Jurassic 
(see van Regteren-Altena, 1967). 

Collector. Not known, first recognized in the 
private collection of Dr. Haberlein, Pappenheim, 
in 1839 (ibid). 

Specific Diagnosis. Same as for genus. 

Hypodigm. The type specimen and SM 137, a 
skull without lower jaws, mentioned by Brim 
(1965, pp. 186-187). Locality: Limestone quarry 
within or around the city of Solothum, Switzer- 
land. Horizon: “Kimmeridge, Pseudomutabilis 
zone” (label). Late Jurassic. 


DISCUSSION 


The higher categories I use here may be un- 
familiar to some, readers but a few words of 
explanation may clarify my intentions. It seems 
to me that a classification should be a written 
version of a phylogenetic hypothesis, in the sense 
of geneology or kinship, and consist only of 
strictly monophyletic groups to the extent that 
this is possible. The taxon “Reptilia” is clearly 
unsatisfactory by these criteria and I have 
adopted a more phyletic classification. The 
supraordinal categories and taxa used are modi- 
fied from a classification suggested by Nelson 
(1969). Tetrapoda and Amniota are in the sense 
of Goodrich (1930), whereas Sauropsida is from 
Goodrich (1916). The chelonian categories are 
from a phylogeny and classification of turtles 
(Gaffney, In press) in which fossil and recent 
forms are related on the basis of skull criteria 
predominantly. 

When Parsons and Williams (1961, p. 43) 
described the “Solnhofen skull” they could not 
identify it with a known taxon but preferred not 
to erect a new species for the following reasons: 
“At present the higher taxonomy of Jurassic tur- 
tles is based exclusively upon shells. It would be 
necessary to have shells associated with these 
skulls in order to place them as to family. To 
devise or use skull genera for these forms, when 
these skull genera will most probably in the not 
distant future be sunk in the synonymy of shell 


‘Although the higher categories are diagnosed and 
discussed in a paper still in press, the names have 
already appeared (Gaffney, 1975) due to the vagaries 
of printing. 
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FIG. 2. Solnhofia parsonsi, new genus and new species. Dorsal stereophotographs. Upper, 
SM 137; lower, TM 4023. (See figs. 3, 4.) 
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foramen stapedio-temporale 


FIG. 3. Solnhofia parsonsi, new genus and 
new species. Dorsal view of SM 137. (See fig. 2.) 


genera, would, we believe, serve no useful pur- 

pose.” 

I offer the following argument in favor of 
naming this form: 

1. [have examined most of the major European 
Jurassic turtle collections and have not been 
able to find a skull-shell association identi- 
fiable with this form. Although such a speci- 
men may very well be in a collection at pres- 
ent or one may be discovered soon, I believe 
that the probability of either is fairly low. 

2. Although the taxonomy of Jurassic turtles, 
and many other turtle groups, is presently 
based primarily on shell morphology, this is 
not necessarily a satisfactory or even tolerable 
situation. In fact, I believe that turtle system- 
atics has been and is hampered by an emphasis 
on shell morphology. 

The specific identity of the two skulls is not 
immediately apparent because of preservational 
differences between them. The area around the 
apertura narium externa is markedly dissimilar. 
TM 4023 has the anterior portions of the pre- 
maxillae preserved intact but lacks the nasals and 
much of the dorsal and lateral rim of the aper- 
tura narium externa. SM 137 has retained the 
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nasals and most of the margin of the apertura but 
the anterior prolongation of the premaxillae is 
eroded. Furthermore, TM 4023 is largely undis- 
torted but SM 137 is quite distorted. SM 137, 
therefore, appears to have a much shorter pre- 
orbital snout and a relatively smaller apertura 
narium externa. The restored dorsal view corrects 
for these preservational differences. The two 
skulls differ in size; TM 4023 is 73 mm. from 
condyle to anterior tip of premaxillae, whereas 
SM 137 is 58 mm. Other biological variations are 
difficult to determine because of the relatively 
poor preservation of SM 137. The right orbits in 
both skulls seem to have uneroded edges and are 
the same length. This suggests that the smaller 
specimen has relatively larger orbits; however, it 
is probably due to distortion of the orbital mar- 
gin in SM 137. The condylus mandibularis in SM 
137 has a more expanded lateral half when com- 
pared with TM 4023. All other differences that I 
have seen can be ascribed to poor preservation. 


SECONDARY PALATE 


The secondary palate in Solnhofia is a quite 


foramen 
orbito-nasale 


FIG. 4. Solnhofia parsonsi, new genus and 
new species. Dorsal view of TM 4023. (See 
fig. 2.) 
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FIG. 5. Solnhofia parsonsi, new genus and new 
species. Ventral view of restored skull, based pri- 
marily on TM 4023. Modified from Parsons and Wil- 


liams, 1961. 


distinctive feature of the skull and is different in 
construction from other turtles with partial or 
complete secondary palates. The triturating or 
feeding surfaces of the mandible and maxilla 
show a considerable diversity. In order to evaluate 
the morphology of the palate in Solnhofia | give 
below a brief summary of this region in some 
selected groups. The term secondary palate has 
been used for a varied mixture of palatal condi- 
tions in turtles. I am using a more conservative 
sense of the term by restricting it to a condition 
in which the bony expansion of the lateral trit- 
urating surfaces meet medially to completely 
close off at least some portions of the primary 


palate. The condition in such forms as Cten- 
ochelys (Zangerl, 1953, fig. 61), Eubaena (Gaff- 
ney, 1972a, fig. 19), and Shweboemys (Wood, 
1970, fig. 1, as preserved) is not considered to be 
a true secondary palate in my usage. These forms 
may be described as having an incipient or partial 
secondary palate. In life, the horny covering of 
the jaws may close the medial gaps in an incipi- 
ent secondary palate to form a functionally com- 
plete secondary palate, but this is not determi- 
nable from the bones. The function of secondary 
palates is diverse among vertebrates, and there 
are no detailed functional studies showing that 
secondary palates of turtles are correlated with 
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FIG. 6. Solnhofia parsonsi, new genus and new species. Restored ventral 


view. (See fig. 5.) 


particular biological roles, although such studies 
would be extremely useful. 

The secondary palate of Solnhofia is formed 
mostly by the maxillae. The ventral exposure of 
the vomer is extremely reduced but contrary to 
statements in Parsons and Williams (1961) I 
think it does have a limited exposure on the 
palate, thus barely preventing the medial maxil- 
lary expansions from meeting in the midline. The 
palatines form a limited portion of the secondary 
palate and border the apertura narium interna. 

A number of turtles have secondary palates as 
extensive as that in Solnhofia, but all differ in 
the method of formation. The cheloniid sea tur- 
tles have a secondary palate with a greater contri- 


bution of the palatines and a prominent exposure 
of the vomer. Erquelinnesia, redescribed by 
Zangerl (1971), is an Eocene toxochelyid sea tur- 
tle with the most advanced secondary palate 
known in turtles. Erquelinnesia differs from 
Solnhofia in having the vomerine exposure quite 
well developed and the apertura narium interna 
well posterior to the level of the processus ptery- 
goideus externus. The premaxillae of Erquelin- 
nesia, although fused, are similar to those in 
Solnhofia in that they are large and extensive 
compared with the condition in most other toxo- 
chelyids and cheloniids. The living Cheloniidae 
and the toxochelyids Erquelinnesia and Osteo- 
pygis have secondary palates formed by expan- 
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FIG. 7. Solnhofia parsonsi, new genus and new species. Ventral stereophotographs of 
skulls. Upper, SM 137; lower, TM 4023. 
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FIG. 8. Solnhofia parsonsi, new genus and new species. Upper, occipital stereophotograph of 
SM 137; middle, occipital stereophotograph of TM 4023 (see fig. 9); Jower, stereophotograph 
of lower jaw of TM 4023. 
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so foramen magnum 


foramen nervi hypoglossi 


processus interfenestralis 


FIG. 9. Solnhofia parsonsi, new genus and 
new species. Occipital view of TM 4023. (See 
fig. 8.) 


NO. 2576 


sion not only of the maxillae but of the ventral 
plates of the vomer and the palatines as well. 
Solnhofia, on the other hand, has a secondary 
palate formed primarily by maxillary expansion 
with relatively minor contributions from the 
palatines and vomer. 

Although no turtle with a complete secon- 
dary palate has the condition seen in Solnhofia, 
two other turtles, Ctenochelys and Eubaena, 
possess incipient secondary palates that may be 
structurally antecedent to the condition in Soln- 
hofia. The triturating surfaces of Ctenochelys are 
more advanced than the condition seen in Toxo- 
chelys in that the maxillae and palatines are 
expanded medially, but a true secondary palate, 
where the elements completely enclose the in- 


FIG. 10. Solnhofia parsonsi, new genus and new species. Stereophotographs of occiput in 
TM 4023. Upper, right half of posterior end of skull. Anterior end of skull is tilted ventrally. 
Lower, posterior end of skull taken obliquely from the right side of the specimen. Axis of 
skull is oriented somewhat ventrally. (See figs. 11, 12.) 
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FIG. 11. Solnhofia parsonsi, new genus and new species. Occiput of TM 
4023. (See fig. 10, upper.) 
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FIG. 12. Solnhofia parsonsi, new genus and new species. Occiput of TM 
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FIG. 14. Solnhofia parsonsi, new genus and new species. Right side of TM 4023. (See 


also fig. 13, lower.) 


ternal nares, is not present. The main element of 
the expansion in Ctenochelys, as in Solnhofia, is 
the maxilla with a small contribution from the 
palatine. Eubaena, a Cretaceous baenid, has an 
incipient secondary palate very similar to Cteno- 
chelys. In Ctenochelys a portion of the vomer is 
part of the medial palatal expansion, whereas in 
Eubaena the vomer remains above the feeding 
surface. Eubaena and Ctenochelys, although not 
closely related to each other or to Solnhofia, give 
some indication of the method of development 
of this type of secondary palate, which is in 
sharp contrast to cheloniids and other toxo- 
chelyids. 

Other incipient secondary palates are known 
in the Pleurodira. Wood (1970) has described 


new material of the African and Asian pelo- 
medusid Shweboemys, which shows that the 
incipient secondary palate is formed by the 
medial expansion of maxillae and palatines with 
no contribution from the vomer (which is often 
reduced or absent in this family). A closely re- 
lated genus, Stereogenys, from the African 
Eocene, has a very similar palatal modification. 
Andrews (1906, p. 297) has argued that Stere- 
ogenys had a complete secondary palate as his 
figure 95 indicates. It is possible that the maxil- 
lary and palatine expansions met medially in 
both genera and that this area is poorly preserved 
in most specimens. The pelomedusid palatal 
modifications differ from cryptodire incipient 
and complete secondary palates in having a 


FIG. 13. Solnhofia parsonsi, new genus and new species. Upper, left side of SM 137. Lower, right 


side of TM 4023. 


14 AMERICAN MUSEUM NOVITATES 


processus inferior parietalis 


foramen nervi trigemini 


fossa cartilaginis 


epipterygoidei processus pterygoideus externus 


FIG. 15. Solnhofia parsonsi, new genus and 
new species. Right ethmoid region of TM 4023. 
Processus trochlearis oticum removed. 


greater contribution of the palatines to the 
palate. In cryptodires the maxillae are usually the 
largest elements, whereas in Stereogenys and 
Shweboemys the palatines are as large or larger 
than the maxillae and make up the posterior half 
of the secondary palate. 

Zangerl (1971, fig. 8) has used a visual 
method of comparing the internal structures of 
secondary palates in his description of Erquelin- 
nesia, Solnhofia seems to differ from the chelo- 
niids illustrated by Zangerl primarily in the pos- 
terior position of the fossa nasalis (horizontal 
shading). The length of the meatus choanae, the 
nasal passages connecting the fossa nasalis with 
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the apertura narium interna, may be used as an 
estimate of the degree of secondary palate devel- 
opment. The meatus choanae does not exist in 
forms with an incipient secondary palate, such as 
Eubaena and Ctenochelys. The meatus choanae 
of Solnhofia is relatively longer than in the 
recent cheloniids Eretmochelys and Chelonia and 
approximates the condition in Caretta. The 
vomerine pillar, which more or less separates the 
meatus choanae into two passages, is thicker and 
somewhat shorter in Solnhofia that it is in 
Caretta. These internal structures of Solnhofia do 
not reach the extreme development seen in 
Erquelinnesia. 

The secondary palate of Solnhofia, then, is 
structurally comparable with the condition seen in 
recent cheloniids and is even advanced over some 
of them. Solnhofia does not attain the most ex- 
treme chelonian condition seen in osteopygine 
toxochelyids such as Erquelinnesia, but it is as 
close to this extreme as any other known turtle. 
It is unfortunate that no near relatives of Soln- 
hofia are known so that more relevant phylo- 
genetic comparisons may be made with the 
palate. 


ARTERIAL CANALS AND FORAMINA 


McDowell (1961, 1964) and Albrecht (1967) 
have investigated the use of cranial arterial pat- 
terns in phylogenetic studies of turtles. Very 
little of this type of work has been applied to 
fossil turtles although both of the above authors 
have argued that arterial information can be 
obtained with confidence from skulls lacking the 
actual soft parts. Albrecht (1967) has presented 
evidence that the size of a foramen or canal is 
often directly proportional to the size of the 
artery traversing the bony structure. Compari- 
sons based on this assumption can be made 
between Recent and fossil turtle skulls and 
within certain limits it can be concluded that the 
canals reflect arterial patterns. 

Parsons and Williams (1961) described most 
of the areas of the basicranium in Solnhofia, but 
I would like to present this data in a more com- 
parative way and add new information. The fig- 
ures presented here are based primarily on the 
Teyler Museum skull with some additions from 
the Solothurn Museum specimen. The figures 
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FIG. 16. Solnhofia parsonsi, new genus and new species. TM 4023. Stereophotograph of 
sella turcica and surrounding features taken through left orbit (camera faces postero- 


medially). (See fig. 17.) 


are restored and partly hypothetical in that a 
frontal section, such as that illustrated, has never 
been cut. The structures in the central part of the 
basicranium have been drawn by looking through 


a hole in the skull roof, the ethmoid region, and 
the foramen magnum. Some of the dimensions 
may not be completely accurate but they have 
been controlled as much as possible. The canals 
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FIG. 17. Solnhofia parsonsi, new genus and new spe- 
cies. Hypothetical dorsal view of frontally sectioned 


skull, based on TM 4023. 


have all been determined by probing with bris- 
tles. The description follows the order used by 
Albrecht (1967) so that comparisons can be 
easily made. 


Canalis Stapedio-Temporalis 


As noted by Albrecht (1967, p. 83), the fora- 
men stapedio-temporale of Solnhofia is not 
reduced in diameter relative to the foramen pos- 
terior canalis carotici interni as in trionychoids 
(sensu Gaffney, In press), but hasa large diameter 
comparable with that found in all other turtles. 
The diameter of the foramen stapedio -temporale 
is about twice that of the foramen posterior 
canalis carotici interni. 


Canalis Caroticus Internus 


I have little to add to the Parsons and Wil- 
liams (1961) description of the structures related 
to the carotid arterial system in Solnhofia. As is 
described below, I have been able to probe a con- 
nection between the canalis caroticus lateralis 
and the canalis caroticus internus. 


Canalis Caroticus Lateralis 


This structure was first named by Albrecht in 
1967 and was, therefore, not described by Par- 
sons and Williams in 1961. Although quite small 
in pleurodires and most cryptodires, the canalis 
caroticus lateralis is greatly enlarged in kino- 
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FIG. 18. Solnhofia parsonsi, new genus and new species. Labeled diagram of figure 17. 


sternids and carries the main blood supply to the 
front of the skull. In Solnhofia the canalis caroti- 
cus lateralis agrees with most turtles, such as 
Chrysemys (see Albrecht, 1967, fig. 1), in which 
the canalis is relatively small. The foramen caroti- 
cum laterale in Solnhofia is best preserved on the 
left side and seems to be formed entirely by the 
pterygoid. It occupies the space between the ros- 
trum basisphenoidale and the crista pterygoidea 
and lies in the floor of the sulcus cavernosus. 
Only a thin plate of the pterygoid separates the 
foramen from the rostrum basisphenoidale. The 
position of the foramen caroticum laterale in 
Solnhofia is similar to the position of this struc- 
ture in other cryptodires and does not suggest 
relationships with any particular group. 

In Solnhofia the canalis caroticus lateralis ex- 
tends posteriorly, probably within the pterygoid 


as in many other cryptodires. Near its posterior 
end the canalis caroticus lateralis communicates 
with the canalis caroticus internus. This situation 
also seems similar to other cryptodires. In most 
cryptodires the canalis caroticus lateralis ends at 
its junction with the canalis caroticus internus. In 
Solnhofia, however, as opposed to all other tur- 
tles that I am familiar with, the canalis caroticus 
lateralis continues posteriorly and emerges on the 
ventral surface of the skull. This opening is visi- 
ble in both specimens but has been probed with 
bristles only in the Teyler Museum skull. 

There are a number of possible arterial inter- 
pretations regarding this ventral opening of the 
canalis caroticus lateralis, but 1 have chosen two 
as being most likely. Figure 19 is a diagrammatic 
restoration of these two possible arterial patterns 
that are compatible with the canals and foramina 
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cerebrai carotid artery 


palatine artery 


stapedial artery 


posterior opening 
of canalis caroticus 
lateralis 


foramen caroticum laterale 


canalis caroticus lateralis 


foramen anterius _ 
canalis carotici interni 


foramen 
stapedio-temporale 


foramen posterius 
canalis carotici interni 


FIG. 19. Solnhofia parsonsi, new genus and new species. Semi-diagrammatic 
view of basicranial canals with arteries restored. The right side portrays one 
possible arterial restoration and the left side an alternative restoration. (See. fig. 
17 for complete basicranium. See text for discussion.) 


as known in Solnhofia. The internal carotid and 
stapedial arteries are the same in both interpreta- 
tions; the primary difference is the position of 
branching of the palatine artery. On the left side 
of the figure the palatine artery is restored as 
coming off the internal carotid within the skull 
via the short canal between the canalis caroticus 
lateralis and the canalis caroticus internus. This 
interpretation is most consistent with living tur- 
tles and requires no fundamental change in arte- 
rial pattern. However, the posterior opening of 
the canalis caroticus lateralis is not accounted 
for. The right side of the diagram interprets the 
posterior opening as the point of entry of the 
palatine artery after it branches off the internal 
carotid outside of the skull. To my knowledge, 
the palatine artery of living turtles never 
branches off before entering the skull; however, 
there is also no opening to the outside of the 


skull of the canal housing the palatine artery (the 
canalis caroticus lateralis) in living turtles. In this 
second interpretation the communication be- 
tween the canalis caroticus lateralis and the 
canalis caroticus internus is unaccounted for. It is 
likely that knowledge of the path of the vidian 
nerve would enable us to make a choice between 
these interpretations because in Chrysemys 
(Albrecht, 1967, fig. 1) the posterior part of the 
canalis caroticus lateralis communicates with the 
canalis nervi vidiani. The latter, however, has not 
been determined in Solnhofia and, although I 
assume that it was present, its relation to the 
canalis caroticus lateralis is unknown. 


Canals in the Orbital Floor 


The foramen palatinum posterius is a promi- 
nent opening between the fossa orbitalis and the 
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palate in most cryptodires. The foramen trans- 
mits an artery (inframaxillary of Albrecht, 1967) 
and a nerve (inframaxillaris of Bojanus, 1819) to 
the palate. It is possible that a small vein accom- 
panies these structures but I have not been able 
to substantiate this. In most turtles with a pri- 
mary palate that lack any expansions of the trit- 
urating surfaces (such as Chelydra) the foramen 
palatinum posterius is relatively large. But in 
many turtles the triturating surfaces are modified 
and expanded medially restricting the size of the 
foramen. The extreme condition is reached in the 
living cheloniids in which this structure is absent. 
The condition in Solnhofia is similar to that in 
many testudinids and emydids (sensu Wermuth 
and Mertens, 1961) in which the foramen palati- 
num posterius is considerably restricted in diame- 
ter but not absent. In both specimens of Soin- 
hofia the foramen is single on the left side but 
double on the right, similar to a specimen of 
Geochelone (AMNH 87330). 

The canalis alveolaris superior lies within the 
lateral edge of the maxilla and transmits nutrient 
vessels from the main head arteries into the 
horny tissue making up the rhamphotheca. In 
most turtles this canal is fed via two foramina: an 
anterior one, the foramen alveolare superius (de- 
scribed by Parsons and Williams, 1961, p. 54), and 
a posterior one, the foramen supramaxillare. The 
foramen supramaxillare enters the canalis infra- 
orbitalis which connects with the canalis alve- 
olaris superior. Because of the highly modified 
nature of the palate, a number of structures in 
the orbital floor are seen to be in different posi- 
tions relative to one another, when compared 
with a more generalized condition, such as occurs 
in Chelydra (see Gaffney, 1972b, figs. 11, 12). 
The dorsal exposure of the maxilla is consider- 
ably reduced in comparison to turtles having a 
primary palate and the foramen supramaxillare is 
formed by the palatine and jugal rather than by 
the maxilla and jugal (Chelydra) or maxilla alone 
(Chrysemys). 


THE RELATIONSHIPS OF SOLNHOFIA 


The method used here to develop a theory of 
relationships concerning Solnhofia is based on 
the distribution of shared derived characters. 
This method has been: expounded by Hennig 
(1966) and Brundin (1966, 1968) and aspects of 
it have recently been discussed by Eldredge 
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(1972), Schaeffer, Hecht, and Eldredge (1972), 
and Gaffney (1972a). 

A phylogenetic study of Solnhofia is difficult 
because the animal is relatively isolated morpho- 
logically from other turtles. In the words of 
Kluge (1971, pp. 21-22): “A relatively discontin- 
uous morphocline is difficult to recognize as the 
product of a single evolutionary trend because 
too few of the intermediate character states per- 
sist.” This is a common problem and results in 
phylogenies of lower probability than those de- 
termined with a greater number of intermediate 
character states. 

Parsons and Williams (1961, p. 43) identified 
Solnhofia as an amphichelydian. Elsewhere (Gaff- 
ney, In press), I have suggested that this higher 
taxon is polyphyletic in the strict sense and 
should be abandoned. Solnhofia agrees in all de- 
terminable characters with the taxon Cryptodira 
as diagnosed by me (Gaffney, 1972a, p. 249'). In 
particular the following characters of Solnhofia 
are diagnostic of the Cryptodira. 


1. Skull with trochlear surface for cartilago 
transiliens developed on processus trochlearis 
oticum. 

2. Pterygoid extending posteriorly between 
quadrate and braincase. 

3. Epipterygoid present, as well as fossa carti- 
laginis epipterygoidei. 

4. No development of hemispherical articulation 
on lower jaw. 

5. Foramen palatinum posterius in floor of fossa 
orbitalis. 

6. Foramen supramaxillare present. 

7. Descending process of prefrontal meeting 
vomer ventromedially. 


Within the Cryptodira I have recognized four 
superfamilies: 

Baenoidea—extinct forms described by me (Gaff- 
ney, 1972a). 

Trionychoidea—including the recent families 
(sensu Wermuth and Mertens, 1961) Tri- 
onychidae, Kinosternidae, Carettochelyidae, 
and Dermatemydidae. 

Chelonioidea—including 


Cheloniidae, Toxo- 


1There is an important error beginning in line 6 of 
the diagnosis. The clause “hyomandibular nerve in its 
own canal traversing cranio-quadrate space” should 
read: “thyomandibular nerve traverses cranio-quadrate 
space in canalis cavernosus.” 
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FIG. 21. Solnhofia parsonsi, new genus and 
new species. Ventral view drawn using conventions 
in figure 20 for comparison with palatal struc- 
tures. 


chelyidae, Protostegidae, and Dermochelyi- 

dae. 

Testudinoidea—including Testudinidae, Emydi- 
dae, and Chelydridae. 

The last three of these superfamilies are hy- 
pothesized to be a monophyletic unit, the Eucryp- 
todira, that is the sister group of the Baenoidea 
(Paracryptodira). The basis for this relationship is 
the position of the internal carotid entry into the 
skull (discussed in detail in Gaffney, In press). The 
derived character for baenoids is that the fora- 
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men posterius canalis carotici interni lies midway 
along the length of the basisphenoid-pterygoid 
suture, whereas in eucryptodires the foramen lies 
at or near the posterior end of the pterygoid and 
is largely formed by that bone. I have argued 
(In press) that both conditions are derived with re- 
spect to the Cryptodira as a group and this brings 
us to the significance of Solnhofia. 

Parsons and Williams (1961, p. 60) mentioned 
a foramen in the ventral surface of the pterygoid 
anterior to the foramen posterius canalis carotici 
interni. As I am suggesting that the position of 
the carotid artery is diagnostic of large groups of 
turtles, any ““extra” foramina or structures appar- 
ently intermediate between the baenoid and 
eucryptodiran condition would be of some inter- 
est as a possible negative test of my hypothesis. 
As can be seen from the previous basicranial 
description, however, Parsons and Williams were 
correct in their identification of the position of 
the foramen posterius canalis carotici interni, and 
the “extra” foramen is apparently not part of the 
canalis caroticus internus but seems to be related 
to the canalis caroticus lateralis. 

Solnhofia, then, is clearly a eucryptodire. The 
relationship of Solnhofia within the Eucrypto- 
dira, however, is much more difficult. Table 2 
compares diagnostic features of the eucrypto- 
diran superfamilies with Solnhofia, and it can be 
seen that Solnhofia lacks the derived characters 
of the Trionychoidea and Chelonioidea. The 
Testudinoidea, however, lack ‘shared derived 
characters and, at present, there is no reason to 
think that it is a monophyletic group. Therefore, 
the present state of work on shared derived char- 
acters within the Eucryptodira really allows only 
three choices until more characters are proposed: 
1. Solnhofia is most closely related to tri- 

onychoids. 

2. Solnhofia is most closely related to cheloni- 
oids. 

3. Solnhofia is closely related to neither of the 
above groups as presently construed. 


FIG. 20. Comparison of palatal structures in a series of turtles: a, Chelydra serpentina (primary 
palate); b, Ctenochelys procax (incipient secondary palate); c, Eretmochelys imbricata (secondary 
palate); d, Chelonia mydas (secondary palate); e, Caretta caretta (secondary palate); f, Erquelinnesia 
gosseleti (secondary palate). Symbols: Horizontal shading, nasal cavity; diagonal shading, nasal passages 
(meatus choanae); vertical shading, choanal openings; black, vomer pillar. From Zangerl, 1971. 
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FIG. 22. A cladogram summarizing the hypothesis of relationships developed for 
Solnhofia. Diagram indicates only relative position of common ancestors, Other temporal, 
morphological, and adaptational parameters are not expressed. 


TABLE 1 
A Comparison of Solnhofia and Portlandemys¢ 

Character Solnhofia Portiandemys 

Snout long, narrow; extending Yes No 
anterior to apertura narium externa 
Lateral outline of maxilla Concave Straight 
Secondary palate Present Absent 
Lingual ridges Absent Well developed 
Triturating surface Smooth and broad Deep channel between lingual and 
labial ridges 

Exposure of vomer on palate Extremely reduced Extensive, as in Chelydra 
Palatines meet medially in ventral view Yes No 
Processus pterygoideus externus Reduced to a nubbin Normally developed 
Parietal contacts pterygoid No Yes 
Processus trochlearis oticum Extremely developed Moderately developed 


Contribution of prootic to processus 
trochlearis oticum 


Forms less than two- 
thirds 


Forms nearly all 


Prootic enters margin of foramen nervi Yes No 
trigemini 

Epipterygoid enters margin of foramen Yes No 
nervi trigemini 

Foramen nervitrigemini hidden in Yes No 


lateral view by processus trochlearis oticum 
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Character 


Basioccipital enters foramen magnum 

Exoccipital contacts pterygoid 

Tuberculum basioccipitale 

Precondylar fossa 

Precondylar fossa extends to basi- 
sphenoid 

Trough for attachment of pterygoideus 
musculature on pterygoid bone 

Basis columellae 

Posterior opening of canalis caroticus 
lateralis 

Sella turcica 

Rostrum basisphenoidale 


Position of foramen anterior canalis 
carotici interni 

Shape of foramen anterior canalis carotici 
interni 

Dorsum sellae ovethangs sella turcica 

Anterior end of lower jaw upturned to 
form hook 

Prominent lingual ridge on lower jaw 

Elongate median trough on dorsal surface 
of mandibular symphysis 

Prominent paired troughs between labial 
and lingual ridges of lower jaw 

Mandibular symphysis length/length of 
lower jaw 

Sulcus cartilaginis meckelii 

Lateral exposure of coronoid 


“Gaffney, 1975 


TABLE 1-—(Continued) 


Solnhofia 


Yes 

No 

Well developed 
Deep 

Yes 


Opens posteriorly 


Conical 
Present 


Broad 

Short, with trabeculae 
widely separated 

Posterior to sella turcica, 
beneath dorsum sellae 

Large common opening 


One-half 


Short 
Extensive 
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Portlandemys 
No 
Yes 
Slightly developed 
Shallow 
No 


Closed posteriorly by down-turned 
edge of pterygoid 

Flat 

Absent 


Narrow 
Long, with trabeculae close together 


In floor of sella turcica 
Two small, paired openings 


No 
Yes 


Yes 
One-third 


Long 
Limited 


Comparison of Solnhofia with the Three Eucryptodire Superfamilies 


Character 


Foramen stapedio-temporale reduced or 
absent 

Dorsal process on palatine present 

Ossified trabeculae of rostrum 
basisphenoidale lie close together or 
are fused 

Foramina anterius canalis carotici 
interni lie close together 

Sella turcica reduced or obliterated 

Dorsum sellae high and separated from 
sella turcica by bone surface 

Posterior portion of sella turcica con- 
cealed by overhanging dorsum sellae 


Solnhofia Trionychoidea 
No Often 
No Yes 
No No 
Yes No 
No No 
No No 
Yes Usually 


Chelonioidea Testudinoidea 

No No 

No No 

Yes No 

Yes Rarely 
Yes No 

Yes No 

No Yes 
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Choice 3 is clearly indicated and, although it 
is unsatisfactory because no specific hypothesis 
of relationships has been advanced, it nonetheless 
accurately reflects the state of phylogeny devel- 
opment in this group. 
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